Background: Dermatitis artefacta is a relevant and frequently unrecognized clinical condition associated with self-harming behavior, in which unconscious manipulation causes skin lesions. While atypical lesions and an unusual disease course may give rise to clinical suspicion of a self-induced disorder, questioning and examining these patients usually fails to confirm or clarify this suspicion. In this setting, the dermatopathologist may be faced with the question whether there are any histological signs corroborating the diagnosis of dermatitis artefacta. Methods: We conducted a Pubmed search (without time frame) using the terms "dermatitis artefacta", "factitious/factitial dermatitis", "artefactual skin" in combination with "histology" or "pathology". Given the low number of hits, we extended the search by adding terms related to certain types of injuries (for example, "burn" or "cold") in order to identify specific patterns. Results: In general, there are only few studies investigating the histological features of factitious skin disorders. Another problem arises from the fact that, even if clinical and histological findings are suggestive of dermatitis artefacta, subsequent confirmation of the exact mechanism of injury is frequently not possible, thus leaving room for speculation. This complicates defining specific histological patterns based on the various types of injuries. Overall, the results of the present study suggest that a factitious disorder should be considered if histological findings include blistering with a mild inflammatory infiltrate, rupture of collagen fibers, multinucleated keratinocytes, or elongated and vertically aligned keratinocytic nuclei.
Introduction
The term "artifact" is derived from the Latin words ars (art, handicraft) and facere (to make). In medicine, it is used to designate an artifi cially induced (mostly harmful) effect on bodily functions. With only few exceptions (for example, Munchausen by proxy syndrome), it is a form of self-harming behavior. Unlike suicide, the behavior is not guided by the goal of killing or faking to kill oneself.
In this context, the patient's self-harming actions may be performed in a conscious or unconscious manner. Generally speaking, artifacts can affect any organ. However, artifacts most commonly involve the skin due to its easy accessibility and the demonstrative character of skin lesions.
In a stricter sense, the term artifact is used for unconscious self-harm and is often associated with pronounced psychopathology. By contrast, the term para-artifact is commonly used to designate semi-conscious actions based on impaired impulse control. One such example is skin-picking disorder, where the patient is unable to "resist the temptation" to pick, yet readily admits to doing it when asked and is able to comprehend its harmfulness.
From a histological perspective, the patient's motivation or consciousness while producing the artifacts do not play a role; in the following paragraphs, the term artifact is thus used for all forms of factitious injuries the skin is exposed to from the outside. From a psychological perspective, a distinction can be made from scratching associated with nephrogenic pruritus (as an example) because, unlike a (para)artifact, the latter is a response to a primarily cutaneous stimulus (pruritus). From a dermato(histo)logical perspective, the skin is exposed to factitious (artifi cial) injury in both cases.
The frequency of artifacts in the general population is estimated at 0.05-0.4 % [ 1, 2 ] . Given that patients are not aware of the cause of the skin lesions or consciously keep it to themselves, it is safe to assume a relevant number of undetected cases. In accordance with the tenet "the atypical is typical", dermatologists should always include artifacts in their differential diagnostic considerations, especially in case of lesions at atypical sites, atypical distribution (frequently geometric shapes, straight lines or bizarre shapes) or morphology, as well as atypical disease courses (recurrences). The fi nal stage of many forms of factitious skin disorders is characterized by various types of scars (hypertrophic scars, keloids). Repeated histological evidence of scars may therefore also be an indication of dermatitis artefacta, especially if the suspected clinical diagnosis and the history (allegedly spontaneous development) do not match the histological fi ndings. Harth et al. have published a very good review of clinical, psychological, and therapeutic aspects [ 1 ] .
The present review is intended to shed light on the question as to what extent histology is able to "expose" skin lesions as artifacts and thus to corroborate the clinical suspicion. In particular, we set out to ascertain whether there are specifi c histological changes that would suggest a possible factitious cause.
Studies and methods used
In order to identify histological characteristics/patterns that are specifi c for or at least typical of an artifi cial cause, we conducted a PubMed search ( http://pubmed.gov ) in May 2017 for English or German articles without specifying a time frame with regard to their publication date. The general search terms used were as follows: "dermatitis artefacta", "factitious/factitial dermatitis", "artefactual skin" in combination with "histology" or "pathology". Without additionally using the latter two terms, we found a little more than 200 publications. Adding these two search terms yielded fewer than 50 hits, many of which did not contain any description of histological fi ndings. Consequently, we did a supplementary search for potential mechanisms of injury -such as "burn", "cold", "friction" -in combination with "histology" and "pathology". Table 1 lists the various mechanisms of injury included in the search.
The analysis comprised only those histological characteristics and patterns that were considered to have a relevant degree of sensitivity with regard to artifi cial causation. However, this does not allow for any conclusions to be drawn that a given histological alteration is specifi c for a certain type of causation. Thus, while the histological pattern described should prompt the pathologist to consider a factitious cause, it may also be found in connection with other skin disorders. As the signifi cance and validity of certain histological fi ndings differ between the various injury patterns, they are discussed separately.
Results
In the following paragraphs, we present typical dermatological artifacts and their histological patterns. These include generalizable patterns (such as scratching/rubbing) as well as entities in which manipulation plays a role in the disease defi nition, even though the injury pattern may also be manifested in a different way (for example, acne excoriée).
Rubbing/scratching
Rubbing or scratching constitute the most common forms of factitious injury the skin is exposed to. Both can be observed not only as a response to a stimulus (pruritus) but also without any trigger. While the tangential force exerted by solid objects (fi ngernails or "scratchers") is typically strong enough to at least cause epidermal damage, the force exerted by rubbing is distributed over a larger area; thus, damage to the epidermis is less common. Clinically, excoriations are Table 1 Mechanisms of injury of self-inflicted skin lesions. 
Mechanical

Friction
In mechanically induced blisters, Hunter et al. demonstrated that typical early changes are primarily found in the stratum spinosum, whereas the granular and corneal layers are affected to a lesser extent [ 3 ] . The changes are predominantly found around hair follicles and eccrine ducts. Brief applica- tion of friction results in localized intracellular edema associated with pallid cells on hematoxylin-eosin staining as well as mild spongiosis. In addition, there is vesicle formation in the granular layer.
Continued friction leads to intraepidermal blistering in the upper epidermis (Figure 2 b ). The aforementioned changes are then predominantly found around the blisters, but may also involve deeper epidermal layers.
Another characteristic suggestive of a mechanical cause are multinucleate keratinocytes, without bright gray-blue nuclei with marginalized chromatin (as in the case of HSV infections) [4] [5] [6] . Other potential changes induced by protracted, less intense mechanical irritation include acanthosis and perivascular infl ammation.
Pressure, blows, thumps
Trauma caused by thumps or pressure can histologically present with ruptured fat cells and (in some cases quite pronounced) hemorrhages and degeneration of adipocytes. Subsequently, there is a predominance of histiocytes, hemosiderophages, and fi broblasts; the latter eventually give rise to fi brosis [ 7 ] . Other fi ndings may include traumatically induced nodulo-cystic fat cell necrosis (anucleate, necrotic adipocytes surrounded by a fi brotic capsule) [ 8 ] .
Trauma caused by continuous application of pressure, especially in areas close to the bone, may histologically mimic vasculitis (similar to decubital ulcers), showing dilated vessels as well as thrombosis and erythrocyte extravasation associated with infl ammatory infi ltrates [ 9 ] . Teleangiectases have likewise been described as a possible sequela of trauma in acral areas [ 10 ] . The presence of vascular changes therefore does not rule out artifi cial changes and may, in the appropriate clinical context, even provide further evidence for a traumatic cause (in most cases, chronic pressure trauma).
Negative pressure (suction blisters)
In this regard, there are only a limited number of histological descriptions. Typical fi ndings include subepidermal blistering associated with negative immunofl uorescence (in contrast to immune-mediated blistering) [ 11 ] . In addition, there may be evidence of ruptured collagen bundles and erythrocyte extravasation due to the negative pressure [ 12 ] .
Heat (burning/scolding)
As a consequence of thermal exposure of the skin, temperatures higher than 44°C cause protein denaturation and the destruction of collagen cross-links. As a result, there is necrosis associated with a fl uid shift into the intercellular spaces [ 13 ] . Based on their distance from the site of thermal exposure, three different zones may be distinguished: (1.) zone of coagulation; (2.) zone of stasis -due to the fl uid shift into the intracellular spaces; (3.) zone of hyperemia [ 13 ] .
Frequently, thermal damage to the skin (burns) leads to subepidermal blistering with epidermal necrosis, which is relatively sharply demarcated from adjacent unaffected keratinocytes. In addition, perivascular infl ammatory infi ltrates can be found in the upper and mid-dermis. In some cases, there may be eosinophils and neutrophils as well as pigment incontinence; the histological changes are thus reminiscent of fi xed drug eruption. In such cases, multinucleated, deformed keratinocytes and the lack of a lichenoid infi ltrate are suggestive of thermally induced dermatitis artefacta [14] [15] [16] .
Cold (cooling spray)
Depending on the type of cold exposure, various patterns of injury can be observed, both clinically and histologically. In general, a distinction can be made between a superfi cial cold stimulus (deodorant spray) and one that affects deeper layers of the skin (ice pack).
The former shows histological lesions similar to those seen in heat exposure, characterized by necrosis of the entire epidermis with subepidermal clefting. Other fi ndings may include a sparse neutrophilic infi ltrate and a lymphocytic infi ltrate with only few eosinophils in the upper dermis [ 17, 18 ] .
A cold stimulus affecting deeper skin layers may give rise to cold panniculitis (Figure 2 c) , clinically characterized by violaceous subcutaneous -often plate-like -nodules that occur after 2-3 days. The panniculitis is caused by cold-induced vasoconstriction with impaired circulation and vascular damage as well as the formation of fat crystals [ 19 ] . While histology initially reveals neutrophil-rich infl ammatory infi ltrates in the fat lobules, lymphocytes and macrophages may be found in later stages [ 20 ] . Other changes may consist of papillary edema as well as a superfi cial and deep perivascular lymphocytic infi ltrate. The histological picture is similar to that seen in chilblains [ 21 ] .
Moreover, the application of (properly dosed) cold, for example when performing cryolipolysis, results in infl ammation that follows the apoptosis of fat cells but is not its cause. Said infl ammation is predominantly driven by macrophages and reaches its peak after approximately 30 days [ 22 ] .
Injection of foreign material
Following the injection of foreign material, the reaction depends to a large extent on the substance used; thus, there is no specifi c histological pattern that describes this mechanism of injury. The main factors affecting the reaction include immunogenicity, irritancy (for example, protein denaturation in case of acids and bases), and infectiousness of the material. Depending on the nature of the substance introduced, the application of polarized light microscopy may be useful [ 23 ] . In case of low immunogenicity, there is frequently a granulomatous foreign-body reaction with foreign-body giant cells [ 24, 25 ] .
If the foreign material has been introduced into deeper skin layers, histology is frequently consistent with panniculitis. Substances include a wide variety of agents that can be used by patients themselves or various materials that are implanted (iatrogenically) for cosmetic or therapeutic reasons [ 21 ] . Potential triggers of artifi cial panniculitis comprise the following agents: paraffi n, oils (mineral oil, silicone oil, vegetable oils), drugs (pethidine, pentazocine, vitamin K, chemotherapeutic agents, vaccines; and intramuscular injections that have not been administered deeply enough), fi llers (PMMA -polymethyl methacrylate, polymethylsiloxane), chemical substances (povidone, acids, bases), secretions, excretions (urine, fecal matter) as well as cold and trauma caused by thumps or pressure [ 21, 26 ] . There are various types of panniculitis depending on the nature of the harmful exposure. The most common histological pattern is that of lobular panniculitis, characterized by a neutrophil-rich infl ammatory infi ltrate -especially in early lesions -and prominent fat necrosis. The predominant correlate of the infl ammatory reaction in later stages is a granulomatous infi ltrate. In some cases, polarized light microscopy may be used to detect foreign-body materials. Various special stains (PAS, Congo red) may also facilitate identifi cation of these materials. Subcutaneous and dermal sclerosis resembling deep morphea may, for example, occur with injections of pentazocine or vitamin K [ 21 ] .
Chemical irritation of the epidermis
There are a vast number of chemical substances that cause damage to the skin upon contact. Here, the degree of damage depends on the duration of exposure, the concentration of the substance, the size of the area affected, and the penetration capacity of the substance. A common mechanism of injury relates to the pH (acids and bases). Other, more uncommon mechanisms include oxidation, reduction, salifi cation, impaired cellular respiration, and effects on (enzymatic) metabolic reactions [ 27 ] . As regards the epidermis, the damage is thought to be caused by denaturation of keratin proteins, removal of lipid compounds, or direct interaction with cell membranes [ 28 ] .
Acids and bases cause different reactions upon contact with biological material. Common bases include sodium or potassium hydroxide as well as ammonium or calcium hydroxide. Contact of bases with body fat results in saponifi cation and liquefactive necrosis [ 29 ] . Unlike in acid burns, there is no precipitation of proteins (coagulative necrosis), which would prevent the substance from penetrating into deeper layers. Thus, alkaline burns can cause very deep necrosis [ 27 ] . Contact with moist cement (calcium hydroxide) is a common cause of alkaline burns.
Findings reported in association with minor chemical burns include subepidermal clefting with necrosis of the epidermis above as well as a mild, mixed infl ammatory infi ltrate and mild spongiosis (Figure 2 d) [ 28 ] . A perivascular infi ltrate may mimic vasculitis [ 30, 31 ] .
Exposure to electricity
Electrical burns lead to subepidermal or intraepidermal blistering as well as vertical and elongated keratinocytic nuclei.
In addition, there is homogenization of dermal collagen due to edema and denaturation [ 16, 31 ] . More pronounced electrical burns are also associated with vascular damage and subsequent infarction.
Unlike purely thermal burns, where vertically aligned and elongated keratinocytic nuclei can also be found, electrical burns are characterized by both subepidermal and intraepidermal cleft formation. In addition, the histological changes are more localized and less diffuse [ 16 ] .
Tissue calcifi cation has been described as a potential long-term sequela of electrical burns [ 32 ] .
Infection
This mechanism of injury involves intentional wounding with subsequent contamination as well as the introduction of substances contaminated with infectious material (such as urine, feces, toilet wastewater) [ 33 ] . Clinical manifestations are frequently similar to or the same as non-self-infl icted infections. The suspicion of a factitious cause usually arises when patients present with multiple recurrences that cannot be explained by comorbid conditions or other circumstances. Other indications include the detection of multiple different pathogens (polymicrobial) in blood cultures that do not typically cause sepsis. There are no specifi c histological fi ndings associated with this type of injury, given that infections -both of a superfi cial wound as well as deeper structures (cellulitis) -may have a natural cause.
Discussion
Depending on the type of injury and the duration of the damage/healing process, there may be a variety of histological patterns, some of which may possibly mimic other skin disorders. Hence, it is crucial that the clinician informs the dermatopathologist about his/her diagnostic suspicion (based on history or clinical fi ndings) when sending in biopsy specimens. In general, fi ndings that should prompt consideration of the diagnosis dermatitis artefacta include prominent epidermal damage (top-down), multinucleated keratinocytes or deformed keratinocytic nuclei, as well as an inadequately mild infl ammatory infi ltrate in early lesions. Absence of the stratum corneum without any substantial infl ammatory reaction may also be suggestive of a factitious cause.
Finally, we would like to point out that self-infl icted damage to the hair (trichotillomania, trichoteiromania) may likewise demonstrate typical histological patterns; however, these were not intended to be addressed in the present review. At this point, the reader is kindly referred to publications by Bernardez et al. (2015) and Stefanato (2010) who discuss this topic in detail [ 34, 35 ] .
